Objective: To evaluate the effectiveness of an interdisciplinary programme led by nurses in relation to metabolic syndrome (MS) and cardiovascular risk (CVR). Methods: This randomized, controlled, clinical trial included 74 patients diagnosed with MS (experimental group [EG], n ¼ 37; control group [CG], n ¼ 37). The intervention consisted of a 12-month interdisciplinary programme (pre-test, 6 months of intervention, 12 months of intervention, and 1-year follow-up post-intervention) coordinated by nursing. Results: We found a progressive and significant reduction for all clinical, biochemical, and anthropometric parameters analysed at different time points. In the EG, remission of MS by 48.1% in the short term was observed (83.8% in the medium term) and maintained at 1 year post-intervention. In the CG, the prevalence of MS increased by 2.7% from the initial evaluation to study completion. A similar trend was observed for CVR. In the EG, 100% of subjects had a moderate-low risk of CVR at 1 year post-intervention, whereas the CG had CVR in all categories. Conclusion: An interdisciplinary, nurse-led programme improves participants' metabolic and cardiovascular health, while maintaining long-term effects. Our findings suggest an important role of the professional nurse as a nexus between the patient, different professionals, and the community.
Introduction
Metabolic syndrome (MS) is a multifactorial, clinical condition related to, among others factors, lifestyle and nutritional habits, such as sedentariness and superfeeding. 1 The prevalence of MS ranges from 10% to 30% in Europe, and from 34% to 42% in the United States, increasing dramatically in older groups. 2 In the most recent population analysis conducted in Murcia, Spain, a prevalence of 53.5% for MS was found, which is higher than that recorded in Europe or in the United States. 3 The prevalence of cardiovascular disease (CVD) in Murcia was 32.1%, and a substantially increased risk of CVD was found in those with MS. 3 In management of MS, unidirectional therapies (i.e., those based on a unique intervention, such as diet, exercise, and education) have achieved unsatisfactory results, and the benefits of such therapies have not been maintained over time. 4 Therefore, an interdisciplinary approach where different therapies and professionals come together is required. This type of approach has shown a significant reduction in the overall prevalence of MS after 12 months, and more specifically, in the prevalence of its components (central obesity, hypertriglyceridemia, and diabetes mellitus). 5 Furthermore, there is evidence of the efficacy of these interventions related to cardiovascular problems 6, 7 that can prevent a surgical approach. 8, 9 There are some limitations of interdisciplinary programmes, such as planning, coordination, patient follow-up, and contact.
These limitations could decrease the effectiveness of interdisciplinary interventions.
There have been few reports describing the involvement of nursing as a cornerstone of educational programmes on subjects with MS, 10 although the collaborative role of this discipline has been recognized in some programmes. 11 The main aim of the present study was to determine the effectiveness of the Interdisciplinary Intervention Against Overweight and Obesity (I 2 AO 2 ) programme on MS and cardiovascular risk (CVR). This programme is based on healthy eating, exercise, cognitive-behavioural therapy, and health education in the short (6 months) and medium (12 months) term. The long-term effect was assessed within 1 year after the intervention was finished. The secondary aim of this study was implementation of an interdisciplinary programme led by nurses.
Materials and method

Study design
A randomized, clinical trial was conducted to determine the efficacy of an interdisciplinary intervention on reduction of MS and CVR in adults. Patients were assigned at random to two groups. A 12-month intervention was applied to the experimental group (EG). In the control group (CG), the standard guidelines included in the Community Service Program of the Public Health Service of Murcia (PHSM) (internal document) were maintained. Efficacy of the intervention was evaluated through clinical, anthropometric, and biochemical measures taken before, during, and after the intervention. The EG was expected to show decreased clinical and anthropometric values, and improved metabolic and cardiovascular measures during and after the intervention. In contrast, the CG was expected to remain unchanged. All of the patients provided written informed consent. The research was approved by the Ethics Committee of the Reina Sof ıa University Hospital. The research was developed under the ethical principles of the Declaration of Helsinki, ensuring the complete anonymity and confidentiality of data and information concerning the patients analysed, acting in accordance with Law 15/1999, December 13, regarding Personal Data Protection.
Participants
The I 2 AO 2 programme was conducted in a Community Care Centre in the municipality of Murcia. In 2013, the population served by this health centre was 3262. A sample of 299 patients was selected through a systematic sampling procedure. We identified patients who were overweight, and then the prevalence of obesity was calculated. A total of 121 (40.5%) patients were classified as overweight and 128 (42.8%) as obese, according to the Spanish Society for the Study of the Obesity (SEEDO) criteria. 3 The criterion for participation in the I ), according to SEEDO criteria, as well as filling in an informed consent form. Of the 249 subjects who met the BMI criterion, 40 were excluded by comorbidities with other pathologies (depression, cancer, fibromyalgia, and others, which could interfere with the intervention). Finally, of 209 patients remaining, 74 signed informed consent (130 declined to participate) (Figure 1 ). Randomization to the EG or CG was performed by a table of numbers. A total of 37 patients were assigned to the CG and 37 to the EG, and these were randomly distributed by sex and age (Table 1) .
Measures
All assessments were made at four time points as follows: 1) before starting the intervention; 2) at 6 months from the beginning of the intervention (short-term efficacy); 3) at 12 months (medium-term efficacy); and 4) 1 year after intervention had been concluded (long-term efficacy).
Sociodemographic
data. Sociodemographic evaluation was carried out in which sex, age, and marital status were recorded.
Anthropometric and clinical data. Anthropometric assessment was determined by BMI and waist circumference (WC). BMI was calculated as the ratio of weight in kilograms to height in meters squared. 11 Weight and height were measured on a scale calibrated with a portable stadiometer (seca 213; seca GmbH & Co. KG, Hamburg, Germany). The guidelines used for weight and height were applied to WC measurement. The instrument used was a non-extensible or deformable steel tape measure with 1-mm divisions (Holtain model 606; Holtain Ltd., Crymych, Wales) (recommendations by SEEDO). 12 Clinical evaluation included measurement of systolic blood pressure (SBP) and diastolic blood pressure (DBP). A stethoscope (Littmann 3200 model; 3M, Maplewood, MN, USA) and sphygmomanometer (DuraShock DS44; Welch Allyn, Skaneateles Falls, NY, USA) were used for measurement of blood pressure.
All measurements were carried out by the same nurse, who had previously received specific theoretical and practical training.
All measurements of anthropometric and clinical values were performed three times, and the mean value was used for analysis.
Biochemical data. Biochemical parameters that were recorded included blood glucose, glycosylated haemoglobin (HbA1c), total cholesterol (TC), triglycerides (TG), highdensity lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), gamma glutamyltranspeptidase, alanine transaminase, aspartate transaminase, and total bilirubin. Blood samples were collected after a night fast of 10 to 12 hours and processed in the reference laboratory.
Metabolic and cardiovascular comorbidity data. Metabolic evaluation was performed by the diagnosis of MS according to the criteria established in the National Cholesterol Education Program -Adult Treatment, Panel III. 13 Additionally, cardiovascular evaluation was included by applying the methodology of the Framingham cohort study (CVR).
14 Once the odds of CVR were obtained, they were categorized into three 
Intervention
The EG underwent an interdisciplinary intervention (I 2 AO 2 ) with a comprehensive approach for treatment of metabolic and cardiovascular comorbidity for 12 months with re-evaluation 1 year after completion. The project was developed and coordinated by a research team of nurses outside PHSM, and new features were included that had not been covered by the PHSM adult metabolic control programme. The interdisciplinary team was formed by physicians, qualified nurses, nutritionists, psychologists, and physical activity and sports sciences (PASC) professionals. The intervention and the interdisciplinary teams were coordinated by a qualified nurse whose management was based on the theory of activity and interprofessional education. 16, 17 In particular, the role of nursing in the study was defined by the following activities: a) to create, develop and coordinate the project; b) to coordinate the intervention and action of interdisciplinary personnel; c) to implement health education, by maintaining a monthly session of 60 minutes for educational treatment of MS and CVR, modification of unhealthy dietary habits, and selection and preparation of healthy menus (12 sessions in total); d) to serve as a link between participants and interdisciplinary staff, clarifying doubts and resolving difficulties; and e) to evaluate the results of the I 2 AO 2 programme. All of the above activities were under the philosophy of empowering the patient for change, respecting the patient's autonomy, and creating a health care professional-patient relationship of respect, empathy, and accompaniment for change. At all times, there was the goal of being aware of the patient's status and assessing the patient's strengths and weaknesses, in order to adapt instruction to meet the patient's needs under a joint strategy, and thus achieve real change. Continuous evaluation of the project through a meeting of the participating professionals was performed monthly. The nurses were present in all activities that were conducted by different professionals, and were the link between all professionals and patients to clarify and solve possible difficulties. The intervention conducted by the PASC professionals consisted of four 40-minute sessions of physical activity every week during the 12 months of intervention (208 sessions in total). Each session started with stretching exercises (10 minutes), followed by moderate aerobic work (30 minutes) consisting of fast walking or light running, with a rest period at the end. For accomplishment of these sessions, the participants were divided in three groups of ten and a group of seven. The participation rate in the physical activity component of the intervention was 88%. Participants with more than 35% of missed sessions would have been excluded from the intervention programme, but no patients were excluded for this reason. Psychologists conducted a 6-minute session of cognitive behavioural therapy on a monthly basis (12 sessions in total). The cognitive behavioural therapy component was based on psychoeducation techniques (motivation for weight loss), cognitive restructuring, problem solving (self-efficacy), and skill development. This component of the intervention was created by a team of psychologists from previous models and interventions, with the objective of maintaining a decrease in metabolic and cardiovascular parameters in the medium and long term. The sessions were applied in groups. The physician and nutritionist implemented the clinical and nutritional component. They controlled the drugnutrient interactions and monitored any imbalance or adverse reactions that could occur in response to physical activity and dietary treatment. Energy needs and nutritional assessment were calculated using the Harris and Benedict formula 18 by professionals who were instructed individually in dietary treatment. The menus were prepared by the nutritionist from the Adult Treatment, Panel III diet with a deficit of 300 kcal/day. The nutritional classification was as follows: 55% carbohydrates, less than 30% fat, 15% protein, and less than 150 mg/day of cholesterol. The concept of consumption of vegetables and fruits was strengthened. 19 All activities were carried out at the Community Cultural Centre, with the exception of clinical, nutritional, anthropometric, and biochemical assessments, which were carried out in the Community Care Center.
In the CG, the research team performed clinical, anthropometric, and biochemical evaluations, which were carried out in the Community Care Centre at the abovementioned time points. Additionally, continuation with the prescriptions of the standard programme was performed, and this consisted of recommendations with regard to lifestyle and dietary habits. Similar to the EG, during the year after the intervention, the research team had no contact with the participants. Patients were contacted again 1 year after completion of the intervention, for the last clinical, anthropometric, and biochemical evaluations.
The I 2 AO 2 programme did not require any economic finance or additional effort from the Healthcare Service of Murcia. This programme was conducted with public resources (material as well as human) that were offered to the community by the city council, and by the support of health care professionals practicing their duties as usual. The only exception was the presence of a nurse who participated in 104 sessions with a PASC professional. The nurse controlled the attendance of the participants and the quality of the sessions during the first and last session of the week. The sessions were held in the afternoons on Mondays, Tuesdays, Wednesdays, and Thursdays; the nurse attended Monday and Thursday sessions to have direct contact with patients and PASC professionals, to attend to any incident that might arise. Therefore, this is the only special cost for any public system in Spanish territory that wishes to carry out this programme (e5600 EUR). An estimation of the cost for implementing the I 2 AO 2 in the private sector is as follows:
Human resources:
• PASC professional: e20 per session (208 sessions would be e4160).
• Psychologist: e45 per session (12 sessions would be e540).
• Nutritionist: e20 per session (24 sessions would be e480).
• Physician: e60 per session (24 sessions would be e1440, and 444 hours for personal control of EG subjects per month would be e26640, for a total of e28,080).
• Nurse: e40 per session (12 personal sessions of health education þ 12 control sessions together with the psychologist þ 24 control sessions with the physician and the nutritionist þ 104 sessions shared with the PASC professional, for a total of e6080).
Material resources:
• Sport facility: e10 per session (208 sessions would be e2080).
• Training room e60 per session (48 sessions would be e2880) Therefore, the economic estimation for development of this programme in the private sector would be e45,740.
Statistical analysis
Statistical analyses were performed using the IBM SPSS Statistics, version 22.0 (IBM Corp., Armonk, NY, USA). We performed a descriptive study of the variables by calculating the mean and standard deviation of the quantitative variables (age, weight, BMI, WC, SBP, DBP, heart rate [HR], CVR, TC, HDL-C, LDL-C, TG, glucose, and HbA1c). We also calculated the frequency and percentage of qualitative variables (sex, smoking, alcohol, diabetes mellitus, hypertension, dyslipidaemia, MS, and CVR). The efficacy of the intervention was analysed by analysis of variance for crossover studies, with group as a between-subjects factor and the time of the measurement of the dependent variables as an intra-subject factor (group Â time). There was an effect of the intervention when the F test for the group Â time interaction was significant. In this case, repeated measures analysis of variance was applied to study longitudinal development of the dependent variable in each group. Effect-size evaluation was performed using the g 2 statistic. In repeated measures tests, comparisons between pairs of time measures were performed using the post-hoc Tukey test. Bonferroni correction was applied to correct for the effect of multiple comparisons (type I error). Analysis of the effect of sex on MS and CVR was conducted using the chi-square test for qualitative variables in each group. The significance level used was p < 0.05.
Results
The two groups were similar regarding age and sex, as well as smoking and drinking habits and previous pathologies (Table 1) .
For anthropometric measurements, there was a significant reduction in weight, BMI, and WC in the EG, with significance for group, time, and group Â time interaction (all p < 0.05) ( Table 2 ). There was a decrease in weight in the EG at 6 and 12 months compared with the pretest value (both p < 0.001). Weight loss was maintained at follow-up (p < 0.001). In the CG, there were no significant changes in weight at 6 and 12 months, or at follow-up. The results for BMI were similar to those for weight. In the EG, there was a decrease in BMI at 6 and 12 months compared with the pretest value (both p < 0.001). This decrease in BMI remained at follow-up (p < 0.001). In the CG, there were no significant changes in BMI at 6 and 12 months, or at follow-up. There was a decrease in WC in the EG at 6 and at 12 months, and at follow-up compared with the pretest value (all p < 0.001). No significant changes in WC were found in the CG at 6 or 12 months, but there was a significant increase at follow-up compared with the pretest value (p ¼ 0.001).
Cardiovascular parameters were also improved with intervention, with significance for group, time, and group Â time interaction (all parameters, p < 0.001) ( Table 3) . SBP was significantly decreased in both groups at 6 and 12 months, and at follow-up compared with the pretest value (all p < 0.001). However, this decrease was significantly higher in the EG at 6 months (difference ¼ À11.757, p < 0.001), 12 months (difference ¼ À16.757, p < 0.001), and at follow-up (difference ¼ À17.973, p < 0.001) compared with the CG. DBP was reduced over time in both groups (6 and 12 months, and at follow-up, all p < 0.001 vs pretest values). However, this decrease was higher in the EG at 6 months (difference ¼ À5,000, p < 0.001), 12 months (difference ¼ À8.874, p < 0.001), and at follow-up (difference ¼ À12.027, p < 0.001) compared with the CG. There was a significant decrease in HR in the EG at 6 and 12 months, and at follow-up compared with the pretest value (all p < 0.001). There was a tendency for an increase in HR in the CG by follow-up (p ¼ 0.007). CVR values were decreased in the EG at 6 and 12 months, and at follow-up compared with the pretest value (all p < 0.001). In the CG, there was a significant decrease in CVR at 6 months (p ¼ 0.001), but CVR values at 12 months and at follow-up were similar to those before the intervention.
Interdisciplinary intervention was also effective in improving the lipid and glycaemic profile, with significant time and group-Â time interaction effects (both p < 0.001) ( Table 4 ). In the EG, TC levels were decreased throughout the intervention and at follow-up compared with the pretest value (p < 0.001). In the CG, TC levels were significantly decreased at 6 months compared with the pretest value (p ¼ 0.003), although TC levels had returned to the pretest value by follow-up. In the EG, HDL-C levels were increased at 6 and 12 months, and at follow-up compared with the pretest value (p < 0.001). However, in the CG, there were no changes in HDL-C levels at 6 and 12 months, and there was a significant decrease at follow-up compared with the pretest value (p < 0.001). In contrast, in the EG, LDL-C levels were decreased at 6 and 12 months and at followup compared with the pretest value (p < 0.001), with no change in the CG at 6 and 12 months. However, LDL-C levels were increased at follow-up compared with the pretest value in the CG (p ¼ 0.002). Similar results were observed for TG levels.
In the EG, there was a significant decrease in blood glucose levels at 6 and 12 months, and at follow-up compared with the pretest value (all p < 0.001). In the CG, a significant decrease in blood glucose levels was observed at 6 (p ¼ 0.048) and 12 months (p ¼ 0.050) compared with the pretest value, although this improvement disappeared at follow-up. Finally, in the EG, HbAc1 values were significantly decreased at 6 and 12 months, and at follow-up compared with the pretest value (p < 0.001). However, in the CG, HbAc1 values did not vary over time.
The effect of the intervention showed a gradual reduction in the percentage of participants who were classified as having MS in the EG during treatment. This percentage decreased from 100% to 51.9% at 6 months and to 16.2% at 12 months. This improvement was maintained at follow-up (Q3 ¼ 73.132, p < 0.001; Q3 indicates that 75% of patients had a value of <73.312). In the CG, the rate of MS was also decreased from 100% to 81.1% at 6 months and 78.4% at 12 months. However, there was an increase in the rate of MS at follow-up (83.8%) (Q3 ¼ 18,600, p < 0.001) (Figure 2 ). In the EG, there was no significant difference in rate of MS between men and women at any time point. However, in the CG, women had a significantly higher rate of MS than did men at the 12-month and follow-up time points (both p < 0.05, Table 5 ).
With regard to classification of participants in the CVR categories, 24.3% of participants in the EG had a high risk at pretest, and 8.1% had a very high risk. The remaining participants were classified as low-moderate risk (Figure 3) . These data were similar (v n: number; vno significant differences in CVR between men and women in the CG. However, in the EG, men showed a higher CVR than did women before the intervention (p < 0.05, Table 6 ).
Discussion
Widely studied metabolic disorders, such as obesity and MS, continue to be a challenge for public health in the 21st century. Some authors have described that conservative treatment of obesity and MS is a challenge in the current society. 2, 20, 21 Some authors have even proposed surgical management under certain conditions. 8, 9 Failure attributed to conservative treatment of MS is due to development of programmes based on unidirectional therapies, which are promoted and carried out by a single professional group. 4 Different professionals in isolation have found some beneficial short-term results of treating MS, [22] [23] [24] among them nursing. 25, 26 However, recent published tendencies maintain that the approach to achieve long-term efficiency and efficacy for treating MS must be interdisciplinary. 27, 28 One of the limitations that this methodology could pose is communication and coordination over time between the different professionals to promote and maintain health care. In this capacity, nursing is important, but recognition of this importance is absent. 29, 30 The scientific literature has shown the holistic role in nursing care, recognizing its biological, psychological, and social implications. [31] [32] [33] Currently, these professionals are included in some intervention programmes to manage MS. 5, 34 Unfortunately, there have been few publications that have shown the leadership capacity in terms of coordination and monitoring. This has been the case even when nursing has a privileged place as a link between different professionals, the patient, and the community, especially in primary care. 10 A recent study suggested that nursing is important for treating this metabolic disorder, with nurses as the leaders of coordination between health teams and community resources and estates. 23 Our research team aimed to work with the patient, and to understand their social, family, and personal reality. Under the philosophy of empowerment, we made the patient responsible for his/her illness, and provided all of the tools required to control and improve the illness. The patient was the main protagonist of any change, and professionals served as support, accompanying them in meeting their requested. Our results obtained for the I 2 AO 2 programme show the benefits of the philosophy presented in the treatment of MS, and also indicate the possibility of preventing CVD.
Our study showed the efficacy and effectiveness of the programme in the short term (6 months), medium term (12 months), and long term (24 months). In subjects who performed the intervention, a significant reduction was found in the short-term diagnosis of MS by 48.1% and in the medium term by 83.8%. This reduction was maintained for 24 months after the start of the programme. However, participants in the CG showed an increase in prevalence of MS by 2.7% from the initial evaluation to completion of the study. A programme led by Bo et al. 5 (2007) with an interdisciplinary basis, but without nursing as an element of leadership, showed beneficial results in reduction of MS at 12 months. Their MS rates were also much lower than those in our study. The HEALTHY LIFE programme showed more similar data to our study with a reduction in all components of MS by 60% at 12 months of intervention. 35 Our results confirmed the efficiency and efficacy of the I 2 AO 2 programme, specifically for the MS components. For anthropometric parameters, a progressive reduction was observed in the three temporal time points for weight, WC, and BMI in the EG. In contrast, the CG did not show changes in these variables at 6 and 12 months of the study, and WC was even increased at the end of the study (24 months). These results are replicated by an investigation that carried out a lifestyle modification for 12 months, and obtained beneficial modifications for subjects in two components of MS, weight and blood glucose levels. 36 Another interdisciplinary programme aimed at correction of MS showed that, 12 months after the intervention, there was a reduction in WC, blood glucose levels, and TG in the EG, and an increase of these variables in the weight-control group. 5 Our results support previous results, with a progressive and significant reduction in blood glucose, HbA1c, TC, TG, and LDL-C levels over time in the EG compared with the CG. Additionally, we observed a cardio-protective effect with increasing HDL-C levels in those who were enrolled in the programme. This cardioprotective effect was found by Chang et al (2016) . 25 They found an increase in HDL-C levels of 2.34 mg/dL at 6 months. The benefits of their intervention extended to a reduction in body weight, BMI, WC, blood glucose levels, and blood pressure. Another study carried out by nurses showed that at 6 months of indicating changes in habits, discrete improvements in weight, LDL-C levels, and SBP were observed. 25 Ohno et al. (2016) recognized the preventive effect of modifying habits in cardiovascular prevention and equating it to pharmacological treatment of antihypertensives. 37 Our study showed a positive reduction in mean SBP and DBP in all study subjects at different time points. However, this observed reduction was significantly higher in the EG than in the CG in the short, medium, and long term. This was not the case with HR, which showed a significant decrease at all time points compared with the pretest value in the EG, with an increase in the CG by follow-up.
A direct relationship between previous metabolic disorders and CVR 2 has been described, with an estimation of death due to CVD for people with MS ranging from 12%-17%. 38 Therefore, the positive changes in all of the individual metabolic parameters analysed in the present study suggest an improvement in the CVR in subjects in the EG. At 12 months in the programme, 100% of the subjects had a moderate-low CVR compared with those in the CG who did not show any changes in the rates of CVR (very high, high, and moderate-low risk categories) at the end of the study. A similar trend was published by the Look AHEAD Research Group (2016), which showed a maximum reduction in the CVR rate of 24% after intervention. 39 These previous findings are supported by an important investigation with a follow-up for 23 years after lifestyle intervention. 40 This previous study showed that the cumulative incidence of CVD mortality was 11.9% in the intervention group versus 19.6% in the control group (p ¼ 0.033), and the overall mortality rates for the intervention and control groups were 28.1% and 38.4% (p ¼ 0.049), respectively.
